In this Letter laser performance of these tungstates under pulsed Ti:sapphire laser pumping is reported.
The Y b 3+ ion has received much attention in the past few years because of its favorable spectroscopic and laser characteristics for use in diode-pumped solidstate laser applications. An extremely small quantum defect between absorption and emission, along with the absence of losses owing to excited-state absorption, upconversion, and concentration quenching, has led to high laser slope eff iciencies of Y b-doped materials. Laser performance of Y b 3+ with slope eff iciency exceeding 70% was reported recently in YAG, 1 apatite crystals, 2, 3 and f luorophosphate glasses. 4 Recently, efficient cw laser action was demonstrated in two new Yb 3+ -doped crystals, KY(WO 4 ) 2 (KYW) and KGd(WO 4 ) 2 (KGW) under Ti:sapphire and diode laser pumping. 5, 6 In this Letter laser performance of these tungstates under pulsed Ti:sapphire laser pumping is reported.
Rare-earth potassium tungstates have a monoclinic C2͞c structure. 7 The parameters of the unit cell are a 0.8095 nm, b From the absorption cross-section value at the laser wavelength, we can readily obtain the stimulated-emission cross section s se as follows:
where Z g and Z e are the partition functions of the ground state and the excited state, respectively, and E zl is the zero-line energy. The peak stimulatedemission cross section for E k a polarization was estimated with this method to be 3.0 3 10 220 cm 2 at 1025 nm in KYW and 2.8 3 10 220 cm 2 at 1023 nm in KGW. The width of the 1025-nm emission line, which is most promising with respect to laser action, was measured to be 16 nm at room temperature. From the absorption and emission measurements at 295 and 77 K we derived the Stark electronic levels of the ground 2 F 7/2 and the excited 2 F 5/2 manifolds of Yb 3+ in both hosts (Fig. 2) . A number of lines observed in the absorption and the emission spectra were assigned to vibronic sidebands that coupled with the electronic transition between the lowest 2 F 7/2 and Fig. 1 Table 1 .
Laser experiments were performed with both Y bdoped crystals under pumping by a gain-switched Ti:sapphire laser with 30-ns pulse duration. The nearly hemispherical laser cavity was formed by a f lat high ref lector and a 20-cm radius-of-curvature output coupler. The pump beam was focused with a 45-cm focal-length lens to a waist of approximately 0.25 mm. A 0.5-mm-thick antiref lection-coated crystal was placed near the high ref lector, where the cavity-mode diameter was calculated to be 0.24 mm. Output couplers with transmissions of 4.5%, 8.5%, and 13.2% were used for measurements of the optical conversion efficiency. The data on output energy of Y b : KYW laser at 1025 nm versus absorbed pump energy are plotted in Fig. 3 . A slope eff iciency of 86% with respect to absorbed pump energy was demonstrated with the 13.2% output coupler.
The slope-efficiency data enable us to estimate double-pass loss in the cavity L d by use of the wellknown relation
where h 0 is the intrinsic efficiency and T is the output coupling. In the absence of excited-state absorption intrinsic eff iciency is determined by the quantum defect between pump and laser photons, (2) . The data are illustrated in Fig. 4 . The maximum slope eff iciency of 86.9% achieved in the experiment is close to the estimated h 0 value of 89.9%. We assume that the double-pass loss of 1.7% is due mainly to scattering in the crystal, since Y b reabsorption loss at the output wavelength does not affect the slope efficiency in the absence of excited-state absorption and luminescence quenching. 9, 10 Another type of loss is associated with a small residual transmission of the high-ref lecting mirror at laser wavelength (approximately 0.5%) because of the short spectral separation between pump and output laser emission. A slope eff iciency of 82.7% at 1023 nm was obtained for the Yb:KGW laser in the same cavity configuration but with 8.5% the output coupler. 
